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1 

2 METHOD AND APPARATUS FOR DISCRIMINATING MULTIPATH AND 

3 PULSE NOISE DISTORTIONS IN RADIO RECEIVERS 

4 
5 

6 by: James M. Nohrden, Brian D. Green and Brian P. Lum Shue Chan 
7 

8 

9 

10 This application is related to the following U. S. patent applications that have been 

11 filed concurrently herewith and that are hereby incorporated by reference in their entirety: 
|j2 Serial No. , entitled "Method and Apparatus for Demodulation of Radio Data 

P Signals" by Eric J. King and Brian D. Green.; Serial No. , entitled "Station Scan 

ft Method and Apparatus for Radio Receivers" by James M. Nohrden and Brian P. Lum Shue 

P Chan; Serial No. , entitled "Digital Stereo Recovery Circuitry and Method For 

|p Radio Receivers" by Brian D. Green; Serial No. , entitled "Quadrature Sampling 

& Architecture and Method For Analog-To-Digital Converters" by Brian P. Lum Shue Chan, 

f 8 Brian D. Green and Donald A. Kerth; and Serial No. , entitled "Complex 

1 9 Bandpass Modulator and Method for Analog-to-Digital Converters" by Brian D. Green. 
20 

2 1 BACKGROUND OF THE INVENTION 

22 1 . Field of the Invention 

23 The present invention relates generally to noise distortion discrimination circuitry for 

24 radio receivers. More specifically, the present invention relates to techniques for 

25 discriminating multipath and pulse noise distortions in a digital radio receiver for an 

26 automobile. 
27 
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1 

2 2. Description of the Related Art 

3 At any given time, radio receivers may receive radio signals transmitted by numerous 

4 different stations. Radio receivers typically tune to the radio signals transmitted by a 

5 particular station and convert these radio signals into program information. The signals 

6 transmitted by stations may include AM audio signals, FM audio signals, and data 

7 information. With respect to audio information, radio receivers typically attempt to provide a 
f : ,8 high quality reproduction of the audio information transmitted by the selected station. In 
§y9 attempting to produce these high quality audio output signals, the radio receiver may 
LjtO experience various events that can cause distortions in the audio signals being received, 

1 processed, and output by a radio receiver. These events include impulse noise distortions and 

#4.2 multipath distortions. 
143 

■44 Impulse noise distortions are distortion events that evidence themselves as brief 

15 periods of unstable amplitude and frequency spikes within the audio signal. For example, 

16 with an automobile radio receiver, impulse noise distortions often arise due to ignition of the 

17 automobile and due to turning on and off electrical components, such as for example 

18 windshield wipers, power windows, cigarette lighter, etc. Any of these activities may cause 

19 an electrical impulse that will create transient impulses at the antenna input or within the 

20 radio receiver circuitry. In addition, when using prior art circuitry for FM broadcast, data 

21 information, which typically resides at frequencies above audio signal information, may be 

22 incorrectly interpreted as impulse noise. Thus, if not properly discriminated, impulse noise 
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1 distortions or falsely determined impulse noise distortions may significantly degrade audio 

2 performance. 
3 

4 Multipath distortions are distortion events that evidence themselves as brief periods of 

5 significantly reduced signal power. Multipath distortions typically occur when the signal 

6 power of a transmitted signal received at an antenna of the radio receiver is reduced by an 

7 out-of-phase version of the same transmitted signal that has traveled to the antenna along a 
.^8 different path. Multipath distortions may occur whether the radio receiver is stationary or 
pl9 mobile. If the transmitted signal reaches the receiver along two different paths such that one 
UiO signal is out-of-phase with respect to the other, multipath distortions may occur. For a 
|J 1 moving receiver, for example one positioned within a moving automobile, the movement of 
j42 the automobile may also cause time-varying or intermittent out-of-phase signals to be 
§43 received by the antenna. If not discriminated, multipath distortions may also significantly 
#4 degrade audio performance. 

15 

1 6 SUMMARY OF THE INVENTION 

17 In accordance with the present invention, distortion discrimination circuitry accurately 

18 and efficiently discriminates distortion events, including impulse noise and multipath 

19 distortion events, to improve the quality of audio output signals provided by radio receivers. 

20 In one embodiment, the distortion discrimination circuitry monitors and analyzes the 

21 demodulator output to determine when a distortion event has occurred and provides an 

22 appropriate indication signal for use by other circuitry within the radio receiver. In more 

23 particular embodiments, the distortion discrimination circuitry may include impulse noise 
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1 circuitry that looks for high frequency noise in both the magnitude and multiplexed outputs of 

2 the demodulator to determine the occurrence of impulse noise distortion events. Furthermore, 

3 the distortion discrimination circuitry may include multipath circuitry that looks for a drop- 

4 off in signal power between the multiplexed output of the demodulator and a low-pass filtered 

5 version of that same signal to determine the occurrence of multipath distortion events. In 

6 addition, stereo decoder circuitry may modify the audio output signals in response to 

7 indications of distortion events. 

n* 

jl9 BRIEF DESCRIPTION OF THE DRAWINGS 

§jff° FIG. 1 is a block diagram of an embodiment for an intermediate frequency (IF) 

•*j 1 AM/FM radio receiver. 

Jl2 

f*13 FIG. 2 is a block diagram of an embodiment for the digital receiver within the IF 

#4 AM/FM radio receiver. 
15 

16 FIG- 3 is a block diagram depicting distortion discrimination circuitry, including 

17 impulse noise distortion discrimination circuitry and multipath distortion discrimination 

1 8 circuitry, according to the present invention. 
19 

20 FIG. 4. is a graphical representation of a signal frequency spectrum for a demodulated 

21 FM radio frequency (RF) signal. 
22 
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1 FIG. 5 is a block diagram of an embodiment for impulse noise discrimination circuitry 

2 according to the present invention. 
3 

4 FIG. 6 is a block diagram of an embodiment for a stereo decoder receiving distortion 

5 event signals from the impulse noise discrimination circuitry and the multipath discrimination 

6 circuitry. 
7 

FIG. 7 is a signal diagram of example waveforms for an impulse noise distortion 

£l9 event. 

m 

m FIG. 8 is a block diagram of an embodiment for multipath distortion discrimination 

::l2 circuitry according to the present invention. 

w> 

#* FIG. 9 is a signal diagram of an example waveform for an multipath distortion event. 

15 

1 6 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

17 Referring now to FIG. 1, a block diagram is depicted of an embodiment for an 

18 intermediate frequency (IF) AM/FM radio receiver 150. A frequency converter circuitry 102 

19 converts a radio frequency (RF) signal 110 received at the antenna 108 to an IF frequency 

20 112. The frequency converter circuitry 102 utilizes a mixing signal 114 from a frequency 

21 synthesizer 104 to perform this conversion from the RF frequency range to the IF frequency 

22 range. Control circuitry 106 may apply a control signal 117 to frequency synthesizer 104 to 

23 choose the mixing signal 114 depending upon the station or channel that is desired to be 
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1 received by the IF receiver 150. The digital receiver circuitry 100 processes the IF signal 1 12 

2 and produces desired output signals, for example, audio output signals 118 and data output 

3 signals 120, which may be for example radio data signal (RDS) information or some other 

4 data information. These output signals may be provided to interface circuitry 122 and output 

5 to external devices through interface signals 124. The control circuitry 106 may 

6 communicate with the digital receiver circuitry 100 through signals 116 and may 

7 communicate with the interface circuitry 122 through signals 121. In addition, control 
, ; 4 circuitry 106 may communicate with external devices through the interface circuitry 122. 

ffi FIG. 2 is a block diagram of an embodiment for the digital receiver 100. The IF input 

fjli signal 112 is amplified by a variable gain amplifier (VGA) 202. The output of the variable 

lj§ gain amplifier (VGA) 202 may be filtered with anti-aliasing filters if desired. Sample-and- 

t3- hold (S/H) circuitry 204 samples the resulting signal and produces a real or in-phase (I) 

if output signal and an imaginary or quadrature (Q) output signal. The Q signal is related to the 

15 I signal by being 90 degrees out of phase with respect to the I signal. The analog-to-digital 

16 converter (ADC) circuitry 206 processes the I and Q signals to form an I digital signal 220 

17 and a Q digital signal 222. The ADC circuitry 206 may be for example two fifth order low- 

18 pass delta-sigma ADCs that operate to convert the I and Q signals to one-bit digital I and Q 

19 data streams 220 and 222. The digital output signals 220 and 222 of the ADC circuitry 206 

20 are passed through digital decimation filters 208 to complete channelization of the signals and 

21 to produce decimated I data signal 224 and Q data signal 226. The decimation filters 208 

22 may also remove quantization noise caused by ADC 206 and provide some anti-aliasing 

23 filtering. 
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1 

2 Demodulation of the decimated I and Q data signals may be performed by AM/FM 

3 demodulator 210. The demodulator 210 may include for example a CORDIC (Coordinated 

4 Rotation Digital Computer) processor that processes the digital I and Q data streams 224 and 

5 226 and outputs both angle and magnitude data for of the I and Q digital data signals. For 

6 FM demodulation, the demodulator 210 may also perform discrete-time differentiation on the 

7 angle value outputs. The demodulated signal 211 may be further processed by signal 
A conditioning circuitry 214, which may also receive signal 225 from the decimation filter 
ift circuitry 208. The signal conditioning circuitry 214 may provide any desired signal 
115 processing, including for example detecting weak signal conditions, multi-path distortions 
f|j and impulse noise distortions as well as making appropriate modifications to the signals to 

compensate for these signal problems. 

13- 

f§ The stereo decoder 216 processes the demodulated signal 211, for example to decode 

15 the left and right channel information from a multiplexed FM stereo signal, and produces the 

16 desired audio output signals 118. The signal conditioning circuitry 214 provides signals 215 

17 to the stereo decoder 216 to control the output of the stereo decoder depending upon the 

18 processing performed by the signal conditioning circuitry 214. The stereo decoder 216 may 

19 also provide additional signal processing as desired. The demodulated signal 211 may also 

20 be processed by an data decoder 212 to recover data from the multiplex (mpx) signal 211 

21 using for example a synchronous digital demodulator. The output of the data decoder 212 

22 provides the desired data output signals 120, which may include clock and data signal 

23 information. 
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1 

2 FIG. 4 is a graphical representation of an example signal frequency spectrum 400 of 

3 demodulated FM signal 211 from the AM/FM demodulator 210. The y-axis 412 represents 

4 the magnitude of the signal 211, and the x-axis 414 represents the frequency of the signal 

5 211. Stereo signal information typically resides in two different frequency bands. The first 

6 stereo signal information is the left-plus-right (L+R) signal 402 that resides in the region from 

7 0-15 kHz (looking to positive frequencies only). The second stereo signal information is the 
.g. left-minus-right (L-R) signal 406 that resides in the region from 23-53 kHz. A 19 kHz pilot 
lR signal 404 is also included within the demodulated signal 211, which may be recovered from 
M the demodulated signal 21 1 and used to move the L-R signal 406 to baseband. In addition to 
l4| these signals, the demodulated signal 21 1 may include data information, such as a data signal 
ft 410, which may be two signal lobes on either side of 57 kHz. The pilot signal 404 may also 
P be used to move this data signal 410 to baseband. 

1* 

15 FIG. 3 is a block diagram depicting impulse noise distortion processing circuitry 310 

16 and multipath distortion processing circuitry 314 within the signal conditioning circuitry 214. 

17 The AM/FM demodulator 210 may be a CORDIC processor that takes the digital I and Q data 

18 streams 224 and 226 and produces demodulated signal 211 as an output. For the CORDIC 

19 AM/FM demodulator 210, the demodulated signal 21 1 includes a phase angle signal ((()) 302, 

20 a magnitude signal (mag) 304, and a multiplexed signal (mpx) 306. The multiplexed signal 

21 (mpx) 306 is the result of discrete-time differentiation performed upon the phase output 302 

22 of the CORDIC AM/FM demodulator 210. The stereo decoder 216 processes the multiplexed 

23 signal (mpx) 306 to produce the desired audio output signals (AUDIO) 118, and the data 
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1 decoder 200 processes the multiplexed signal (mpx) 306 to produce the desired data output 

2 signals 120. 
3 

4 As contemplated by the present invention, the multiplexed signal (mpx) 306 and the 

5 magnitude signal (mag) 304 may be analyzed to discriminate distortion events within the 

6 received signal. In the embodiment depicted, the impulse noise circuitry 310 analyzes the 

7 magnitude signal (mag) 304 and the multiplexed signal (mpx) 306 to determine if impulse 

8 noise distortions exist within the signal. If this determination concludes that impulse noise 
2f distortions do exist, the impulse noise circuitry 310 produces an appropriate indication 
IS through blank signal (BLANK) 312. Similarly, in the embodiment depicted, the multipath 
W. circuitry 314 analyzes the magnitude signal (mag) 304 to determine if multipath distortions 
p exist within the signal. If this determination concludes that multipath distortions do exist, the 
|| multipath circuitry 314 produces an appropriate indication through the switch signal 
lit (SWITCH) 316. Depending upon the distortion conditions indicated by the indication signals 

15 215, which may include the blank signal (BLANK) 312 and the switch signal (SWITCH) 

16 316, the stereo decoder 216 may modify the output signal 118 to accommodate for the 

17 distortion condition indicated. It is noted that signal conditioning circuitry 214 may analyze 

18 the signal information for additional distortion effects, as desired, and that suitable signals 

19 may be provided to the stereo decoder through indication signals 215 so that accommodations 

20 may be made for such additional distortion effects. It is further noted that the signals 215, 

21 including the blank signal (BLANK) 312 and the switch signal (SWITCH) 316, may be 

22 asserted when at a high logic level or when at a low logic level, depending upon the design 

23 chosen as desired. 
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1 

2 FIG. 5 is a block diagram of impulse noise discrimination circuitry 310. The 

3 magnitude signal (mag) 304 is filtered by a high pass filter (HPF) 502 to isolate the high- 

4 frequency noise produced by an impulse event. This filtered signal is passed through 

5 absolute value (ABS) circuitry 504 to obtain a quantitative value for any high-frequency 

6 noise remaining in the signal. Detection circuitry 506 determines whether the signal is above 

7 a selected threshold level. If so, the threshold detection circuitry 506 outputs a high logic 

8 level on signal 516, indicating that a high-frequency noise event has been detected on the 
jlj. magnitude signal (mag) 304. Similarly, the multiplexed signal (mpx) 306 is filtered by a high 
|0 pass filter (HPF) 501 to isolate the high-frequency noise produced by an impulse event. This 
M filtered signal is passed through absolute value (ABS) circuitry 503 to obtain a quantitative 
|3, value for any high-frequency noise remaining in the signal. Detection circuitry 505 
S3, determines whether the signal is above a selected threshold level. If so, the threshold 
i# detection circuitry 505 outputs a high logic level on signal 518, indicating that a high- 

15 frequency noise event has been detected on the multiplexed signal (mpx) 306. The signals 

16 516 and 518 may both stay high for some desired amount of time after an event has been 

17 detected above the threshold levels. The signal 516 and 518 are then both fed into an AND 

1 8 gate 520, so that the output signal 522 of the AND gate 520 will be at a high logic level when 

19 both signals 516 and 518 are at a high logic level. 
20 

21 An impulse noise distortion event will tend to create an impulse in amplitude, phase, 

22 and multiplex output at the output of the CORDIC AM/FM demodulator 210. Impulse noise 

23 is typically broadband in nature, producing significant energy above 100 kHz. Conversely, 
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1 the magnitude (mag) 304 is very low frequency in nature, varying only at the rate of 

2 multipath distortions, which are typically below 50Hz for broadcast FM in a moving 

3 automobile. Also, the multiplex (mpx) signal 306 contains mainly lower-frequency energy 

4 well below 100kHz, as shown in Figure 4. Thus, an indication of an impulse noise event for 

5 both the magnitude (mag) signal 304 and the multiplex (mpx) signal 306 is the occurrence of 

6 energy above 100 kHz. To detect this energy, the high-pass filters (HPF) 301 and 302 may 

7 be designed to have a cut-off frequency at about 100 kHz. It is noted that the threshold levels 

8 for threshold detection circuitry 505 and 506 may be a programmable value and may be 
3j selected as desired. It is further noted that the high-pass filter 502 for the magnitude (mag) 
1$ signal 304 may have a cutoff frequency well below 100kHz (down to 100Hz) if desired. 

fl 

Both the magnitude signal (mag) 304 and the multiplexed signal (mpx) 306 are 

p, analyzed to reduce false detection of impulse noise events. If only the multiplexed signal 

lit (mpx) 306 were monitored, other sources could trigger a false indication of an impulse noise 

15 distortion event. For example, a weak signal may cause FM thresholding that may cause 

16 broadband impulse noise above 100 kHz at the output of demodulator 210. In addition, 

17 adjacent channel interferers may produce significant energy above 100 kHz. These non- 
18 impulse noise events may be falsely interpreted as impulse noise distortion events if only one 

19 of the signals were monitored. In contrast, if there is a sudden impulse in the magnitude 

20 signal (mag) 304 simultaneously with a sudden impulse in the multiplexed signal (mpx) 306, 

21 the impulse in the multiplexed signal (mpx) 306 will very likely be from impulse noise and 

22 not from a non-impulse noise event, such as weak field conditions or interferers. Thus, 
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1 according to the present invention, both signals are monitored to produce the impulse event 

2 indication signal 522. 
3 

4 When the impulse event indication signal 522 is at a high logic level, impulse noise 

5 distortion is concluded to exist within the signal. Because signal 522 may jump between high 

6 and low logic levels during an impulse noise distortion event, a series of delay circuits (Z 1 ) 

7 508, 510, 512 ... 514 may be used in conjunction with an OR gate 506 to smooth out the 

8 resulting blank signal (BLANK) 312. As shown in FIG. 5, any desired number of delay 
H circuits may be used. The signal 524 is delayed with respect to the signal 522. The signal 

526 is delayed with respect to the signal 524. The signal 528 is delayed with respect to the 
t| signal 526, and so on with the last signal 532 being delayed with respect to the next to last 

signal 530. The initial signal 522 and each of the delayed output signals 524, 526, 528, ... 
p.. 530, 532 are fed to the OR gate 506. If any of these signals are at a high logic level, the OR 
If gate 506 will produce a high logic level on blank signal (BLANK) 312. By utilizing the 

15 series of delay circuits (Z 1 ) 508, 510, 512 ... 514 and the OR gate 506, the signal 522, which 

16 may jump around between logic levels, is smoothed out into a blank signal (BLANK) 312 

1 7 that tends not to change until after the distortion event has passed. 
18 

19 Depending upon the conditions expected to be encountered by the radio receiver 150, 

20 it may be desirable to set a maximum amount of time that the blank signal (BLANK) 312 

21 may remain high. This maximum time amount will tend to prevent complete muting of the 

22 audio signals under extreme impulse noise conditions. Also, it may be desirable to set a 
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1 minimum amount of time before which the next signal blanking may occur. This minimum 

2 time amount will tend to prevent blanking of the audio signal in closely repeated events. 
3 

4 FIG. 6 is a block diagram of an embodiment for stereo decoder 216. The stereo 

5 decoder 216 receives the multiplexed signal (mpx) 306 and produces an audio output signal 

6 118 that includes the left-minus-right (L-R) audio signal 610 and the left-plus-right (L+R) 

7 audio signal 612. The multiplexed signal (mpx) 306 includes the left-minus-right (L-R) 
J& signal 406, which is centered at about 38 kHz, and the left-plus-right (L+R) signal 402, which 
j| is centered at about 0 kHz. The multiplexed signal (mpx) 306 is fed into filter circuitry 614 
W through IIR filters 601, 603, 605 and 607 to isolate the left-plus-right (L+R) audio signal 612. 
M To isolate left-minus-right (L-R) audio signal 610, the multiplexed signal (mpx) 306 is first 
B mixed with a 38 kHz tone by mixer 616 to form signal 618, which includes the left-minus- 
|I right (L-R) signal 406 moved down to DC (i.e., 0 kHz). The signal 618 is then fed into filter 
1| circuitry 614 through IIR filters 602, 604, 606 and 608 to isolate the left-plus-right (L+R) 

15 audio signal 612. It is noted that the IIR filters 601, 602, 603, 604, 605, 606, 607, and 608 

16 within filter circuitry 614 may be low-pass filters with a 15 kHz cut-off frequency and may 

17 have programmable coefficients so that the filter response may be programmably modified. 

18 It is also noted that the type and number of filters used for filter circuitry 614 may be chosen 

1 9 as desired to isolate the audio output signals 610 and 612. 
20 

21 Blank and hold circuitry (B/H) 600 may be utilized to control the audio output signal 

22 118 through control signals 620. For example, when the blank signal (BLANK) 312 

23 indicates that a impulse noise distortion event has occurred, the blank and hold circuitry 
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1 (B/H) 600 may respond by holding the audio signal at its current value and by blanking the 

2 portion of the audio signal including the impulse noise distortion. The blank and hold 

3 circuitry (B/H) 600 may respond in a similar way when it receives other distortion indication 

4 signals, such as the switch signal (SWITCH) 316. More particularly, in operation of the 

5 embodiment depicted in FIG. 6, blank and hold circuitry (B/H) 600 may act to hold the 

6 output of the first IIR filters 601 and 602 and to reset their state variables to zero until the 

7 blank signal (BLANK) 3 12 goes low. Thus, while the blank signal (BLANK) 3 12 is at a high 
J logic level, the outputs of the first ER filters 601 and 602 are held at the value immediately 
|J§ before the blank signal (BLANK) 312 went high. When the blank signal (BLANK) 
W transitions back to a low logic level, the first IIR filters 601 and 602 are returned to their 
!*£ normal operation. 

fe 

P FIG. 7 is a signal diagram of example waveforms 700 for an impulse noise distortion 

111 event. The x-axis 702 represents time, and the y-axis 704 represents magnitude. The 

15 multiplexed signal (mpx) 306 includes impulse noise distortion 706 within a time window 

16 720 represented by the dotted lines in FIG. 7. The impulse noise distortion 706 is seen as a 

17 distortion in the sinusoidal waveform, which represents the ideal output for the multiplexed 

18 signal (mpx) 306. It is noted that this waveform is intended only to be a graphical 

19 representation and that the multiplexed signal (mpx) 306 is digital information in the 

20 embodiments previously discussed. 
21 

22 Sti11 referring to FIG. 7, the magnitude signal (mag) 304 will be about constant for a 

23 relatively ideal sinusoidal waveform depicted for the multiplexed signal (mpx) 306. 
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1 However, within the time window 720, the impulse noise distortion event 706 has caused 

2 spikes in the magnitude signal (mag) 304. The impulse noise detection circuitry 310, as 

3 discussed with respect to FIG. 5, analyzes the multiplexed signal (mpx) 306 and the 

4 magnitude signal (mag) 304 and determines that an impulse noise distortion event has 

5 occurred. The output signal 522 in FIG. 5, therefore, will become a series of logic level 

6 transitions. These transitions are smoothed out by the series of delay circuits in FIG. 5 to 

7 generate the blanking signal (BLANK) 312 with a smooth pulse 710 within the signal. As 

8 depicted in FIG. 7, this pulse 710 within the blanking signal (BLANK) 312 will transition 
3| from a low logic level to a high logic level at the beginning of time window 720 and will then 
Ij3 transition back at the end of the time window 720. 

if 

ft As discussed above, the blanking signal (BLANK) 312 with pulse 710 is fed to the 

|I blank and hold (B/H) circuitry 600 in FIG. 6. The audio signal 118 in FIG. 7 provides a 

II graphical representation of the effect that the blank and hold (B/H) circuitry 600 has on the 

15 audio signal 118. The level of the audio signal 1 18 at the beginning of the time window 720 

16 is held as indicated by the flat line 712. At the end of the time window 720, the audio signal 

17 118 proceeds to follow the desired sinusoidal shape for the audio signal 118. It is again noted 

1 8 that this waveform is intended only to be a graphical representation and that the audio signals 

19 118, including the left-plus-right (L+R) audio signal 612 and the left-minus-right (L-R) audio 

20 signal 610, are digital information in the embodiments depicted above. 
21 

22 In addition to the impulse noise distortion events discussed above, other distortion 

23 events may also be discriminated by utilizing the signal outputs from the CORDIC AM/FM 
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1 demodulator 210. One of these other distortion events are multipath distortion events. As 

2 with impulse noise distortion events, once a multipath distortion has been detected, the audio 

3 output signals 118 may be adjusted accordingly to accommodate the distortion. In addition, 

4 for a multipath distortion event, the radio receiver 150 may switch to an alternate antenna. 

5 For example, an automobile may have two antennas with one located at the front of the 

6 automobile and the other located at the back of the automobile. By switching antennas, the 

7 radio receiver may eliminate the multipath distortion by altering the distance of the signal 
.8 paths being traveled. 

!l 

Wi, FIG. 8 is a block diagram of an embodiment for multipath distortion discrimination 

I| circuitry 314. The multipath distortion discrimination circuitry 314 analyzes the magnitude 

'■hi- 

|2j signal (mag) 304 to determine if a multipath distortion exists in the received signal. If so, 

p multipath distortion detection circuitry 314 produces an appropriate switch signal (SWITCH) 

lit 316 indicating that the radio receiver should switch antennas and take appropriate action to 

15 alleviate audio signal quality degradation due to the distortion. 
16 

17 The multipath distortion discrimination circuitry 314 makes a determination of a 

18 multipath distortion exists by comparing the level of the magnitude signal (mag) 304 with a 

19 moving-average version of that same signal. To accomplish this comparison, the low-pass 

20 filter (LPF) 802 has a much slower time constant than low-pass filter 804, and thus the output 

21 806 of low-pass filter (LPF) 802 will change more slowly compared to the output 808 of low- 

22 pass filter (LPF) 804. The fast output 808 will more accurately track rapid changes in the 

23 magnitude (mag) signal 304 caused by multipath distortions, and the slow output 806 will 
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1 more accurately reflect the average magnitude (mag) signal 304 level at a particular time. The 

2 compare circuitry 810 determines whether or not the slow signal 806 and the fast signal 808 

3 vary by more than a desired amount. For example, if the two signals 806 and 808 vary by 

4 more than 10 dB ? the compare circuitry 810 may conclude that a multipath distortion event 

5 has occurred, and an appropriate signal level change may then be asserted on switch signal 

6 (SWITCH) 316. As described above, switch signal (SWITCH) 316 may be applied to the 

7 blank and hold (B/H) circuitry 600 in FIG. 6 to control the audio output signals 1 1 8 during a 
J multipath distortion event. It is noted the signal comparison may be accomplished in any 
||| maimer desired and that the threshold difference level may be adjusted as desired. 

W By monitoring both the fast signal 808 and the slow signal 806, the compare circuitry 

|3 810 is able to accurately and efficiently discriminate multipath noise distortion If the 

II fast output signal 808 from low-pass filter (LPF) 804 suddenly drops below the slow output 

M signal 806 from low-pass filter (LPF) 802, the compare circuitry 810 may conclude that a 

15 multipath distortion event has occurred. If the radio receiver 150 has two antennas, a switch 

16 may be made from one antenna to the other. When an antenna switch is made, the audio 

17 output signals 118 may also be held by stereo decoder 216 for a few samples to suppress the 

18 disturbance caused by the switch. It is noted that the time constants for the low-pass filters 

19 (LPFs) 802 and 804 may be adjusted as desired. For example, the slow low-pass filter (LPF) 

20 802 may have a longer time constant of about one second, and the fast low-pass filter (LPF) 

2 1 804 may have a shorter time constant of about one millisecond. 
22 
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1 FIG. 9 is a signal diagram of an example waveform 900 for a multipath distortion 

2 event. The x-axis 902 represents time, and the y-axis 904 represents magnitude. As 

3 discussed with respect to FIG. 7, the magnitude level for magnitude signal (mag) 304 will 

4 remain about constant if the audio signal is not experiencing distortion. The downward 

5 spikes for the magnitude signal (mag) 304 at areas 908 and 910 represent null areas in which 

6 multipath distortions have occurred. The line 906 represents the noise level for the system. 

7 When the magnitude signal (mag) 304 falls to the level of the noise 906, a multipath 

8 disturbance will occur at the FM demodulator output. The dotted line 914 represents a 
magnitude threshold level at which the compare circuitry 810 of FIG. 8 will conclude that a 

1$ multipath distortion event is about to occur. As depicted in FIG. 9, this magnitude threshold 

14 level is a 10 dB drop from the normal (running average) magnitude level for magnitude signal 
ft (mag) 304. Thus, when the magnitude level (mag) 304 falls below this threshold line 914, the 
f 1 compare circuitry 8 1 0 will assert the switch signal (SWITCH) 3 1 6 to indicate that a multipath 
lj£ distortion event has occurred. The switch signal (SWITCH) 316 may be asserted as a pulsed 

15 signal, and a selected or programmable wait period may be allowed to pass before the switch 

16 signal (SWITCH) 316 can be asserted again. As discussed above with respect to FIG. 6, the 

17 blank and hold (B/H) circuitry 600 may utilize this switch signal (SWITCH) 316 to control 

18 the audio signal output 118. This signal may also be used by the radio receiver 150 to switch 

19 antennas. 
20 

21 The time period (t^) 912 between null areas 908 and 910 represents a possible 

22 periodic time of occurrence between multipath distortion events. For example, with an 

23 automobile traveling approximately 100 km/hr, multipath distortion null areas may tend to 
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1 occur at a frequency of once every 1/38 of a second. One limitation that may be placed on 

2 the switching of antennas is that this switching not occur any faster than the expected time 

3 (Wl) 912 between successive null areas 908 and 910. Thus, for example, with the 100 

4 km/hr example, a switch indication within 1/38 of a second of the last switch would not be 

5 implemented by the system. 
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1 WHAT IS CLAIMED IS: 

2 

3 1 . A radio receiver system for processing audio information transmitted by radio stations 

4 and discriminating distortions within the processed signals, comprising: 

5 an antenna; 

6 a frequency converter coupled to receive signals from the antenna; and 

7 a digital receiver coupled to receive signals from the frequency converter and having 
...8 digital audio signals as outputs, the digital receiver comprising: 

$9 analog to digital converter circuitry; 

I f) demodulator circuitry coupled to receive digital signals from the analog to 
! i digital converter circuitry and having demodulated digital signals as 
%Z outputs; and 

II distortion discrimination circuitry coupled to the demodulated digital signals 
# and having at least one distortion indication signal as an output, the 

1 5 distortion indication signal indicating when a distortion event has been 

16 detected. 
17 

18 2. The radio receiver system of claim 1 , wherein the digital receiver further comprises a 

19 stereo decoder coupled to receive the demodulated digital signal from the demodulator and 

20 having decoded audio signals as outputs. 
21 
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1 3. The radio receiver system of claim 2, wherein the stereo decoder receives the 

2 distortion indication signal and is responsive to the distortion indication signal to modify the 

3 audio output signals to diminish distortion effects in the decoded audio output signals. 
4 

5 4. The radio receiver system of claim 1 , wherein the distortion discrimination circuitry 

6 comprises impulse noise distortion discrimination circuitry and the distortion indication 

7 signal comprises an impulse noise distortion indication signal. 

J 

p| 5 . The radio receiver system of claim 4, further comprising a stereo decoder coupled to 

lift- receive the impulse noise distortion indication signal, wherein the stereo decoder is 

responsive to the impulse noise distortion indication signal to modify the audio output signals 

|2 to diminish impulse noise distortion effects in the decoded audio output signals. 

M 6. The radio receiver system of claim 1 , wherein the distortion discrimination circuitry 

1 5 comprises multipath distortion discrimination circuitry and the distortion indication signal 

16 comprises a multipath distortion indication signal. 
17 

18 7. The radio receiver system of claim 6, further comprising a stereo decoder coupled to 

19 receive the multipath distortion indication signal, wherein the stereo decoder is responsive to 

20 the multipath distortion indication signal to modify the audio output signals to diminish 

21 multipath distortion effects in the decoded audio output signals. 
22 
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1 8. The radio receiver system of claim 6, further comprising another antenna and wherein 

2 the multipath distortion discrimination signal is utilized to switch between the antennas. 
3 

4 9. A radio receiver for processing audio information and discriminating distortions 

5 within the processed signals, comprising 

6 analog to digital converter circuitry; 

7 demodulator circuitry coupled to receive digital signals from the analog to digital 
J converter circuitry and having demodulated digital signals as outputs; and 
lH; distortion discrimination circuitry coupled to the demodulated digital signals and 
ffi having at least one distortion indication signal as an output, the distortion 
!%■ indication signal indicating when a distortion event has been detected. 

fa 

|3 1 0. The radio receiver of claim 9, wherein the distortion discrimination circuitry 

ll| comprises impulse noise distortion discrimination circuitry and the distortion indication 

15 signal comprises an impulse noise distortion indication signal. 
16 

17 11. The radio receiver of claim 10, wherein the impulse noise discrimination circuitry 

18 monitors a digital magnitude signal and a digital multiplexed signal from the demodulator to 

19 determine the existence of an impulse noise event. 
20 

21 12. The radio receiver of claim 11, wherein the demodulator is a CORDIC demodulator. 
22 
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1 13. The radio receiver of claim 1 1, wherein the impulse noise discrimination circuitry 

2 comprises: 

3 a first threshold detection circuit coupled to receive the digital magnitude signal from 

4 the demodulator and having an output signal that is asserted when a threshold 

5 is exceeded; and 

6 a second threshold detection circuit coupled to receive the digital multiplexed signal 

7 from the demodulator and having an output signal that is asserted when a 
JB threshold is exceeded; and 

p9, wherein a distortion event signal is asserted when both the output signals from the 

W first and second threshold detection circuits are simultaneously asserted. 

i§ 

J,? 14. The radio receiver of claim 13, wherein the first and second threshold detection 

P circuits each comprise a high-pass filter and a threshold comparator. 

m 

15 15. The radio receiver of claim 1 4, wherein the high-pass filters have cut-off frequencies 

16 at about 100 kHz. 
17 

18 16. The radio receiver of claim 1 3, further comprising smoothing circuitry coupled to 

19 receive the distortion event signal and to produce an impulse output signal to act as the 

20 impulse noise distortion indication signal. 
21 

22 17. The radio receiver of claim 9, further comprising a stereo decoder coupled to receive 

23 the impulse noise distortion indication signal, wherein the stereo decoder is responsive to the 
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1 impulse noise distortion indication signal to modify the audio output signals to diminish 

2 impulse noise distortion effects in the decoded audio output signals. 
3 

4 18. The radio receiver of claim 17, wherein the stereo decoder modifies the audio output 

5 signals by performing a blank and hold procedure. 
6 

7 19. The radio receiver of claim 9, wherein the distortion discrimination circuitry 

J comprises multipath distortion discrimination circuitry and the distortion indication signal 

|i§ comprises a multipath distortion indication signal. 

m 

II 20. The radio receiver of claim 19, wherein the multipath discrimination circuitry 

g monitors a magnitude signal from the demodulator to determine the existence of an impulse 

1*3 noise event. 

Ill 

$i ■ 

15 21. The radio receiver of claim 20, wherein the demodulator is a CORDIC demodulator. 
16 

17 22. The radio receiver of claim 20, wherein the multipath discrimination circuitry 

18 comprises: 

19 a first low-pass filter having a first time constant and being coupled to receive the 

20 digital magnitude signal from the demodulator; 

21 a second low-pass filter having a second time constant and being coupled to receive 

22 the digital magnitude signal from the demodulator, the second time constant 

23 being longer than the first time constant; and 
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1 compare circuitry coupled to receive output signals from the first and second low-pass 

2 filters and having the multipath distortion indication signal as an output, the 

3 multipath distortion indication signal being asserted if the output signals from 

4 the first and second low-pass filters differ in signal strength by more than a 

5 selected amount. 
6 

7 23 . The automobile receiver of claim 1 9, further comprising a stereo decoder coupled to 

8 receive the multipath distortion indication signal, wherein the stereo decoder is responsive to 
jlp the multipath distortion indication signal to modify the audio output signals to diminish 

j|0 multipath distortion effects in the decoded audio output signals. 

n 

24. The radio receiver of claim 23, wherein the stereo decoder modifies the audio output 

|B signals by performing a blank and hold procedure. 

S 

15 25 . A method for discriminating distortion events within digital receivers, comprising: 

16 converting analog audio information to digital audio signal information; 

17 demodulating the digital audio signal information; 

18 discriminating distortions within the demodulated digital signals by monitoring the 

19 demodulated digital signals; and 

20 generating at least one distortion indication signal a distortion event has been detected 

21 within the demodulated digital signals. 
22 
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1 26. The method of claim 25, wherein the discriminating distortions step comprises 

2 discriminating impulse noise distortion events and wherein the generating step comprises 

3 generating an impulse noise distortion indication signal. 
4 

5 27. The method of claim 26, wherein the discriminating step comprises monitoring a 

6 digital magnitude signal and a digital multiplexed signal from the demodulator. 
7 

= J8 28. The method of claim 27, wherein the discriminating step further comprises: 

jif asserting a first output signal if the digital magnitude signal from the demodulator 

ifO exceeds a first threshold level; 

tt asserting a second output signal if the digital multiplexed signal from the demodulator 

exceeds a second threshold level; and 

0 asserting a distortion event signal when both the both first and second output signals 

© are simultaneously asserted. 
15 

16 29. The method of claim 28, wherein the first two asserting steps include filtering the 

1 7 digital magnitude signal and the digital multiplexed signal with high-pass filters having cut- 

18 off frequencies at about 100 kHz. 
19 

20 30. The method of claim 28, further comprising generating the impulse noise distortion 

21 indication signal by smoothing the distortion event signal. 
22 
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3 1 . The method of claim 25, further comprising modifying the audio output signals in 
response to the impulse noise distortion indication signal to diminish impulse noise distortion 
effects in the audio output signals. 



32. The method of claim 25, wherein the discriminating distortion step comprises 
discriminating multipath distortion events and wherein the generating step comprises 
generating a multipath distortion indication signal. 

33. The method of claim 32, wherein the discriminating step comprises monitoring a 
magnitude signal from the demodulator. 



The method of claim 33, wherein the discriminating step further comprises: 
filtering the digital magnitude signal from the demodulator with a first filter having a 
first time constant; 

filtering the digital magnitude signal from the demodulator with a second filter having 
a second time constant, the second time constant being longer than the first 
time constant; 

comparing the output signals from the first and second filters; and 
asserting the multipath distortion indication signal if the output signals from the first 
and second filters differ in signal strength by more than a selected amount. 
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1 35. The method of claim 32, further comprising modifying the audio output signals in 

2 response to the impulse noise distortion indication signal to diminish impulse noise distortion 

3 effects in the audio output signals. 
4 

5 36. Distortion discrimination circuitry for a radio receiver, comprising 

6 demodulated digital audio input signals; and 

7 at least one distortion indication signal as an output, the distortion indication output 

8 signal indicating when a distortion event has been detected in the demodulated 
*9 digital audio input signals. 

M 37. The distortion discrimination circuitry of claim 36, wherein the distortion 

.12 discrimination circuitry comprises impulse noise distortion discrimination circuitry and the 

V-: 

distortion indication signal comprises an impulse noise distortion indication signal. 

15 38. The distortion discrimination circuitry of claim 37, wherein the demodulated digital 

16 audio input signals comprise a digital magnitude signal and a digital multiplexed signal from 

17 a demodulator and the impulse noise distortion indication signal is based upon monitoring 

18 these two signals to determine the existence of an impulse noise event. 
19 

20 39. The distortion discrimination circuitry of claim 38, further comprising: 

21 a first threshold detection circuit coupled to receive the digital magnitude signal from 

22 the demodulator and having an output signal that is asserted when a threshold 

23 is exceeded; and 
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a second threshold detection circuit coupled to receive the digital multiplexed signal 
from the demodulator and having an output signal that is asserted when a 
threshold is exceeded; and 

wherein a distortion event signal is asserted when both the output signals from the 
first and second threshold detection circuits are simultaneously asserted. 

40. The distortion discrimination circuitry of claim 39, wherein the first and second 
threshold detection circuits each comprise a high-pass filter and a threshold comparator. 

41. The distortion discrimination circuitry of claim 39, further comprising smoothing 
circuitry coupled to receive the distortion event signal and to produce an impulse output 
signal to act as the impulse noise distortion indication signal. 

42. The distortion discrimination circuitry of claim 36, wherein the distortion 
discrimination circuitry comprises multipath distortion discrimination circuitry and the 
distortion indication signal comprises a multipath distortion indication signal. 

43 . The distortion discrimination circuitry of claim 42, wherein the demodulated digital 
audio input signals comprise a magnitude signal from the demodulator and the multipath 
distortion indication signal is based upon monitoring this signal to determine the existence of 
an impulse noise event. 



44. The distortion discrimination circuitry of claim 43, further comprising: 
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a first low-pass filter having a first time constant and being coupled to receive the 

digital magnitude signal from the demodulator; 
a second low-pass filter having a second time constant and being coupled to receive 

the digital magnitude signal from the demodulator, the second time constant 

being longer than the first time constant; and 
compare circuitry coupled to receive output signals from the first and second low-pass 

filters and having the multipath distortion indication signal as an output, the 

multipath distortion indication signal being asserted if the output signals from 

the first and second low-pass filters differ in signal strength by more than a 

selected amount. 
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1 ABSTRACT OF THE DISCLOSURE 

2 

3 Distortion discrimination circuitry for digital radio receivers and corresponding 

4 methods are disclosed that accurately and efficiently discriminate distortion events, including 

5 impulse noise and multipath distortion events, to improve the quality of audio output signals. 

6 The distortion discrimination circuitry monitors and analyzes the demodulator output to 

7 determine when a distortion event has occurred and provides an appropriate indication signal 

8 for use by other circuitry within the radio receiver. More particularly, the distortion 
- 9 discrimination circuitry includes impulse noise circuitry that looks for high frequency noise 
■ s 40 in both the magnitude and multiplexed outputs of the demodulator to determine the 
; f.l occurrence of impulse noise distortion events. The distortion discrimination circuitry also 
* 12 includes multipath circuitry that looks for a drop-off in signal power between the multiplexed 
;'13 output of the demodulator and a moving average version of that same signal to determine the 
JJ4 occurrence of multipath distortion events. In addition, stereo decoder circuitry modifies the 

15 audio output signals in response to indications of distortion events. 

16 

17 



z 




I 



60 



.\\0 



/ 



ioZ. 



too 



" 7K 



z 



1 4*i Wo' 



7 NV 



lOCr 



>3> 



z 




^1 



100 



2\0 



A 



J 



^1 



200 



J 



T 



"V - 



A*A£>-30 



-T 

i.\U> 




^ n n 



3 g « sv 



— i — y 



22 I* 



/ 



/0~ 



-7 — - 



31 



-U. 



1/ 



l\\s 



1 /funio 



, Sot 



50 1 



/ 



f 



.Z 



501? 



3lO 




57.0 i 




- Sift 



Li s . I 




Is** 



2*U 



£3 R 



' I • L 



to? 




1 Ul 



-J, 



• * ¥ t? 1 — 



Fare*. (* 




Fjrc. ? 




Fr6. 8 




Cirrus Ref Number 0859-CS 
Patent 

DECLARATION FOR PATENT APPLICATION AND 
POWER OF ATTORNEY 



As an undersigned inventor, I hereby declare that: 

My residence, post office address and country of citizenship are as stated directly below my 
name. 

I believe (check one) [ ] I am the original, first and sole inventor 

[ X ] I am a joint inventor and the below named inventors are the 
original and first inventors 

of the subject matter which is claimed and for which a patent is sought on the invention entitled 

METHOD AND APPARATUS FOR DISCRIMINATING MI TTTTP ATH AND PTILSF. NOTSF 

DISTORTIONS IN RADTO RRCKTVRKS 

the specification of which 

(check one) [ X ] is attached hereto. 

[ ] was filed on . 

as Application Serial No. , 

and was amended 



I further declare that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office (the 
"Office") all information known to me to be material to patentability of the subject matter which 
is claimed as defined in 37 C.F.R. §1.56. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19 of any foreign applications) for 
patent or inventor's certificate indicated below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application 
on which priority is claimed: 



Prior Foreign Applications) Priority 
Number Country Day/Month/Year Filed Claimed 

Yes No 

N/A 



Cirrus Ref Number 0859-CS 
Patent 



I hereby claim the benefit under 35 U.S.C § 120 of any United States application^) listed below 
and, insofar as the subject matter of each of the claims of this application is not disclosed in the 
prior United States application in the manner provided by the first paragraph of 35 U.S.C. § 1 12, 
I acknowledge the duty to disclose to the Office all information known to me to be material to 
patentability as defined in 37 C.F.R. § 1 .56, which became available between the filing date of 
the prior application and the national or PCT international filing date of this application: 

Application Serial No. Filing Date Status (patented, pending, abandoned) 
N/A 



I hereby appoint: J. P. Violette (Reg. No. 33,042), Steven A. Shaw (Reg. No. 39,368), Dan 
Shifrin (Reg. No. 34,473), and Frank D. Nguyen (Reg. No. 39,790), each an attorney of CIRRUS 
LOGIC, Inc., and Richard D. Egan (Reg. No. 36,788), and Brian W. Peterman (Reg. No. 
37,908), each an attorney of the firm of JONES, O'KEEFE, EGAN & PETERMAN, as its 
attorneys for so long as they remain with such firm, with full power of substitution and revocation, 
to prosecute the application, to make alterations and amendments therein, to transact all business in 
the Patent and Trademark Office in connection therewith, and to receive any Letters Patent, and for 
one year after issuance of such Letters Patent to file any request for a certificate of correction that 
may be deemed appropriate. 

Address all telephone calls and correspondence to: 

Brian W. Peterman 

JONES, O'KEEFE, EGAN & PETERMAN 
1101 Capital of Texas Highway South 
Building C, Suite 200 
Austin, TX 78746 
(512) 347-1611 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these 
statements were made with the knowledge that willful false statements and the like are 



Cirrus Ref Number 0859-CS 
Patent 



punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and may jeopardize the validity of the application or any patent issued thereon. 

Full name of first inventor James M. Nohrden 



Inventor's Signature y^^^^7 ^fjL— ^ fe /flVW 



Residence 1902 W. 30 th Street Austin. TX 7R703 



Citizenship U. S. 



Post Office 

Address Same as above 



Full name of second joint inventor, if any Brian D. Green 

Inventor's Signature ____ 

Residence 2914 Shotgun Lane Austin. TX 78748 



Citizenship Canadian 



Post Office 

Address Same as above 



Full name of third joint inventor, if any Brian P. Lum Shue Chan 
Inventor's Signature 



Residence 6150 Jumano Lane Austin. TX 78749 



Date 



Date 



Citizenship U. S 



Post Office 

Address Same as above 



Cirrus Ref Number 0859-CS 
Patent 



punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and may jeopardize the validity of the application or any patent issued thereon. 



Full name of first inventor James M. Nohrden 
Inventor's Signature 



Residence 1902 W. 30 th Street Austin. TX 78703 
Citizenship U. S. 



Post Office 

Address Same as above 



Full name of second joint inventor, if any Brian D. Green 



Residence 2914 Shotgun Lane Austin. TX 78748 



Citizenship Canadian 



Post Office 

Address Same as above 



Date 



Inventor's Signature IW^ag*/) ozjll&m 



Date 



Full name of third joint inventor, if any Brian P. Lum Shue Chan 
Inventor's Signature 



Date 

Residence 6150 Jumano Lane Austin. TX 78749 

Citizenship U. S. 

Post Office 

Address Same as above 



Cirrus Ref Number 0859-CS 
Patent 



punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and may jeopardize the validity of the application or any patent issued thereon. 

Full name of first inventor James M. Nohrden 

Inventor's Signature 

Date 

Residence 1902 W. 30 th Street Austin. TX 7S703 

Citizenship U. S. 

Post Office 

Address Same as above 



Full name of second joint inventor, if any Brian D. Green 

Inventor's Signature m 

Date 

Residence 2914 Shotgun Lane Austin. TX 78748 

Citizenship Canadian 

Post Office 

Address Same as above _____ 



Full name of third joint inventor, if any Brian P. Lum Shue Chan 

Inventor's Signature~ j^"^ iSCj^J- — ^ ^//o/ff 



Date 

Residence 6150 Jumano Lane Austin. TX 78749 

Citizenship U. S. 

Post Office 

Address Same as above 



